WO 99/23976 



PCT/1E98/00093 



- 1 - 

"An Embolic Protection Device" 

Introduction 

The invention relates to an embolic protection device. 

5 

The term "STROKE" is used to describe a medical event whereby blood supply to the 
brain or specific areas of the brain is restricted or blocked to the extent that the supply 
is inadequate to provide the required flow of oxygenated blood to maintain function. 
The brain will be impaired either temporarily or permanently, with the patient 
1 0 experiencing a loss of function such as sight, speech or control of limbs. There are 
two distinct types of stroke, haemorrhagic and embolic. This invention addresses 
embolic stroke. 

Medical literature describes carotid artery disease as a significant source of embolic 
1 5 material. Typically, an atherosclerotic plaque builds up in the carotid arteries. The 
nature of the plaque varies considerably, but in a significant number of cases pieces 
of the plaque can break away and flow distally and block bloodflow to specific areas of 
the brain and cause neurological impairment. Treatment of the disease is classically 
by way of surgical carotid endarterectomy whereby, the carotid artery is cut and the 
2 0 plaque is physically removed from the vessel. The procedure has broad acceptance 
with neurological complication rates quoted as being low, somewhere in the order of 
6% although claims vary widely on this. 

Not all patients are candidates for surgery. A number of reasons may exist such that 
2 5 the patients could not tolerate surgical intervention. In these cases and an increasing 
number of candidates that are surgical candidates are being treated using 
transcatheter techniques. In this case, the evolving approach uses devices inserted in 
the femoral artery and manipulated to the site of the stenosis. A balloon angioplasty 
catheter is inflated to open the artery and an intravascular stent is sometimes 
30 deployed at the site of the stenosis. The action of these devices as with surgery can 
dislodge embolic material which will flow with the arterial blood and if large enough, 
eventually block a blood vessel and cause a stroke. 



WO 99/23976 



PCT/1E98/00093 



- 2 - 



„ „ k „„wn ,0 penoanentl, implant a «. an — » '° 

vessel Examples of such filters are snown 

X. and Jo MM43. Venous deployment and*, Ml — «— - * 
Z " me umb* *«. However, as me ,»er corpses, me captured emb* 
1^1 1 «o be sneezed outward, towards an open end o. me Mer and perces 
l0 ^OOHO materia, .ay escape trom me - - pCenUa., catasKoph* 

M» usual, - - - <~— -* - ^S7JZ2 

thr „ugh a catheter or the like. Again, as the titer membrane ta collapsed, » 1 tend to 
me emb* mated* Further, me t^xeUa Met rs genera* «xed to me 
SZl and an, inadvertent movement - the guidewire during an intervene 
1 s procedure can dislodge the fitter. 

The present invention is directed towards overcoming these problems. 

There is a need tor en embolic protection device which wiU overcome this pmblen, 

20 

Qtatomnnts of Invention 

2 5 a collapsible mm element mounled on a fUte. came, tor deliver, through a 

vascular system ot a patient, 

the filter element being movabie between a collapsed stored position against 
the fitter carrier for movement through the vascular system, and an expanded 
posttion for occ.ud.ng a blood vessel such that blood passfcg through the 
blood vessel is delivered through the filter element, 

character^ in that the fitter e.ement comprises a collapsible filter body 
having an inlet end and an outlet end, 
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the inlet end of the filter body having one or more inlet openings sized to allow 
blood and embolic material enter the filter body, 

5 the outlet end of the filter body having a plurality of outlet openings sized to 

allow through passage of blood but to retain undesired embolic material within 
the filter body, and 

means lor closing the inlet openings at the inlet end of the filter body. 

10 

Advantageously, the inlet openings in the filter are closed before the filter is collapsed 
ensuring retention of all embolic material within the filter element. 

In a particularly preferred embodiment of the invention, the means for closing the inlet 
15 comprises:- 

a tubular filter retrieval device having an open distal end for reception of the 
filter element, 

20 said distal end being engagable with a proximal inlet end of the filter body to 

close the inlet openings and being slidable over the filter body from the inlet 
end to the outlet end to progressively collapse the filter body on the filter 
carrier and receive the filter body within the retrieval device. 

25 Conveniently, the retrieval device which may be a catheter or pod or the like which 
engages and collapses the fitter element firstly closing the inlet openings to prevent 
any escape of embolic material and then collapsing the remainder of the filter, being 
slid from the proximal end over the filter to the distal end of the filter. 

30 In a particularly preferred embodiment, the collapsible filter element is slidably 
mounted on the filter carrier between the a pair of spaced-apart stops on the 
filter carrier for axial movement of the filter element along the filter carrier 
between the stops. 
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Advantageous,,, me r*er eanie, whioh may for exam* be a 
during exchange of medical devices. 

masher embodiment, ^ «er etomem is rototoM, mounted on me«er came,. 

,„ . Referred embedment, a steeve is sMabf, «— « •» — 

,ne slope, me tengm o, the stoeve being teas man ft. d«anoe bef»een me amps, me 

filter element being mounted on the sleeve. 

in a particularly preferred embodiment, the filter element comprises:- 
a collapsible filter net mounted on the filter carrier. 

the filer net being movaWe between a collapsed stored position against the 
fi , ter carrier and an expanded position extending outward* of the filer earner 
for deployment across a blood vessel. 

Preferabfy. the tubuto, mm remove. dev,ee comprises a eafhete, sldabte atong .he 
mm canto,, an open dtaat end o. me oamete- terming a homing tor ,ecep.,on o. me 
filter element. 

,„ anotner embCiment. a proximo, Ne, end o, me Me, body is «xed to, 
earner and a *M end of the mm body » s.ida«y mounted on .be mm earner, 
altnougn this arrangement may be reversed. 

,„ a tolher embodrment, me M end of the «er body is anached to a cofla, which b 
slidable along the filter carrier. 

,n a prefened embodiment, a filter support frame is mounted on the filter carrier. . the 
support frame being movab«e between a collapsed position along the filter earner and 
an extended outwardly projecting position to support the filter body in the expanded 
position. 
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In another embodiment the filter support frame is fixed on the filter carrier at a 
proximal end of the filter body. 

5 Preferably, the filter support frame slidably engages the filter carrier at a distal end of 
the filter body. Ideally, the filter support frame is biased into a normally extended 
position. 

In a further embodiment, a circumferential groove is provided in the filter body 
1 0 intermediate the ends of the filter body. 

In another embodiment, a guide olive is provided on the filter carrier distally of the filter 
body, the guide olive having a cylindrical body with a tapered distal end, the cylindrical 
body being engagable within a distal end of a deployment catheter, said tapered distal 
1 S end projecting outwardly of the deployment catheter to provide a smooth transition 
between the catheter and the filter carrier. 

In a further embodiment, the net is gathered into the filter carrier at each end of the 
net. 

20 

In another embodiment of the invention, there is provided an embolic protection 
device comprising a filter element for placing in a desired position, the filter element 
providing a pathway for blood andhaving means for capturing, retaining and removing 
undesired embolic material. 

25 

In one embodiment of the invention, the pathway has means for constricting flow to 
capture undesired embolic material. 

In another embodiment of the invention, the filter has a proximal end and a distal end, 
30 openings in the proximal end being larger than openings in the distal end, the 
proximal end openings being sized to allow the flow of blood and embolic material to 
enter the filter element and the distal end openings being sized to allow the flow of 
blood while capturing undesired emboli within the filter element. 
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,„ a emblem - - — ■ - - — * "T^T* 
awe captured undesfred embolic ^ in me «ler M "V- *• 
^1 means conges addtoona, ste ra ,e pa^ys w»* ma «e, element 
Preferably, the Mar element defines a three dimensional main*. 

,„ anome, embo*nem o. ma tendon, ,ha Met M is oi a pa*meric pores 
,n a ladder embodiment oi me invent ma matt* oompnses a pom* 
^carra dimenaoned to endap end* mater* -0- <• - *™ 

apaa, ,00 m^ons to 3500 nHcrons. m a m nrdhe, emboddnen, o, me invention^ 
m, efement is compressibfc mftr toidabfe tor loading Wo a deUvery *«e ,o 
deUver the fitter element to a desired locate in the compressed or tolded state. 

,„ „„a embodiment of me invention, me mm element has material removed tram k 
structure to aid compressibility. 

,„ another embodiment o. me invent, ma Bter element has mated* rented <rem 
M sductore to Provide speollic M. in relation to me s*e a. embolic matena. to de 
trapped. 

,n a further embodiment of the invention, the filter e.ement has pathways through the 
mm body that are fcteMinKed such that the flow rate through the fitter may be ta,»ored. 

,n another embodiment of the invention, the fitter element has a dista. end which Is 
tapered such that there is a smooth transttion in lateral stiffness to u.prove the 
manoeuvrability of the filter element in the vascular system. 

,n a further embodiment of the invention, the fitter element has a soft dista. portion to 
aid in atraumatic transport through the vascular system. Preferably, the fitter element 
has circumferential grooves to reduce the lateral flexibility of the fitter element. 

I„ one embodiment of the invention, the fitter element has a tapered proximal end to 
facilitate retrieval by a removal catheter. 

,n another embodiment of the .nvention. the fitter element has inlet holes that close on 
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pulling back into a retrieval catheter to ensure retention of any collected emboli. 

In a further embodiment of the invention, the filter element has outlet openings sized 
to capture embolic material of a size large enough to impair the function of the organ 
5 receiving the blood downstream of the fitter body element. Preferably, the filter 
element is sized to capture embolic material of a size greater than 100 microns. Most 
preferably, the filter element is sized to capture embolic material of a size greater than 
200 microns. Most preferably, the filter element is sized to capture embolic material of 
a size greater than 500 microns. 

10 

In one embodiment of the invention, the filter element is sized for complete coverage 
of a vessel cross-section that allows passage of blood and blood components. 

In a still further embodiment of the invention, there is provided a device having means 
15 for placing over a medical guidewire. 

In another embodiment of the invention, there is provided a device which may be 
placed under a balloon or stent delivery catheter. 

20 In a further embodiment of the invention, there is provided a device having means for 
insertion through, femoral, brachial, radial, subclavian or other arterial puncture by 
means of a transcatheter approach. 

In one embodiment of the invention, there is provided a device for protection of 
25 neurological function which is inserted for the duration of a surgical intervention at or 
near the site of surgical opening. 

It is envisaged that two devices could be used bilaterally in left and right carotid 
arteries allowing sufficient cerebral blood flow to maintain neurological function during 
30 procedures with a high risk of generating clot such as electrophysiological treatment 
of coronary arrhythmias. 

In a further embodiment of the invention, there is provided a device including a 
delivery catheter in which an external sheath is engagable with the filter element or 
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in the vascular cross-secbon during an interventonal procadure. 

r fitter carrier bv a joining means. The joining means may be a remova 
such as a Tuohy Borst adapter. 

,„ anomer embodiment — » <— has a centra, lumen .0, 
0 a.ieas.r^offfslangmioalBwillo.acKoveraslaarabiegurdaa.ra. 

,„ a .udhe, embedment of the Invent, the edema, sheath is s*,en»y «J» 
^lo t haou tS *ra»«vasou 1 a t uraand te n^p.o, m a»v t o.a 1 aa 5 a. h a«Har 

element from the catheter. 

5 ,„ one embody 0. ma invention, ft. d*-y.— - - «— 
e*«tds beyond the push e te ment .0 de«ne a «ar ra.en.ion steeva 

,„ anoth* en*c*nent o. .he fcvenbon. ,he deliver, ca.he.er has a spdng componem 
20 m«aed step-se — p«ch ,0 «. s«ness characteristics ,o sud .he 

target vasculature. 

,„ a father embedment 0. .he .vention. .he detve* ca«he«er has a sprfn, 
JJZ - a locked gradual* — pi.ch .0 a»er s»ess character^ 
2 5 to suit the target vasculature. 

,„ one entbod,ment o, the invenbon. .he mm e*nen« is mounted on a co,fcp*e 

an Lnded evuse pos«ion. means b*g provided .or retaining the supped ****** 
,„ in me oo»apsed posKion. Prefers*,. the suppod structure comprises support anns. 

sapped am* are formed from a shape memo,, 0, etasbc memo* 
material. Most pretend*, ttte suppod arms are formed from NdmL 

,„ one embodiment ot fhe invention, the suppod arms ana configured » open c 
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axially with the fitter carrier such that they may be restrained for removal by pulling the 
filter element proximally into an appropriately dimensioned sheath. 

In another embodiment of the invention, the filter element has an associated support 
5 structure with a pre-shaped spiral arrangement such that it provides radial support to 
the filter element. 

In a further embodiment of the invention, the filter support structure is adapted to fold 
into the collapsed position when pulled into a retrieval catheter. 

10 

In one embodiment of the invention, the filter element comprises a flexible shaped 
polymeric component. 

In another embodiment of the invention, the shaped polymeric component is 
15 constructed such that fluid flow through the component assists in opening the 
component from the collapsed position. 

In a further embodiment of the invention, the shaped polymeric component is flexible 
and opens to make circumferential contact with the vessel wall by way of using the 
2 0 pressure drop across the exit filter face. 

In a further embodiment of the invention the filter element is mounted on a guidewire 
such that the guidewire has freedom to rotate and/or move axially independently of 
the filter. More preferably the wire has complete freedom to rotate independently of 

2 5 the filter and has limited axial movement. The limit of axial movement is determined 

by stops mounted on or connected to the wire. Ideally the wire can move 100 mm in 
the axial direction independent of the filter. More ideally the wire can move less than 
50 mm independently of the filter. This embodiment facilitates the maintenance of 
filter position during the exchange of catheters and permits the steering of the wire 

3 0 independent of the filter. 

In a further embodiment of this invention the fitter element is bonded to the filter mount 
at its proximal end and its distal end is free to move relative to the filter mount and 
proximal bond so as to aid the collapse of the filter for deployment. 
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the filter element in an under sized artery. 

„• . «• the invention, the filter element is directly bonded onto a 
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steerable medical guide wire incorporating 
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Ml* goidewire * • <* " 

steerabiBty ot the wire particularly prior w * being deployed. 
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atraumatic. 
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the filler by slidable motion. 

k ot the invention, the filler element incorporates pratdmal tapering 

,„ ^ embodiment o, the — . the *er etemen, has 

-*«-^^:rinr^i » P *d 

by way ot snap-*! to a prottuding nm that allows srw 
optimally, thus do*g me structure w«h Ihe «er membrane a«ached. 

ln a turther en*od*nen, o, the invent there is proved a device hav„ a h»er 
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element which permits the incorporation of a medical guide wire in the outer wall of 
the filter element to facilitate the incorporation of large inlet holes on the proximal inlet 
end of the filter element. 

5 in one embodiment of the invention, the filter element comprises a mesh work 
structure with large proximal inlet holes and small distal outlet holes wherein the mesh 
structure is collapsible into a small diameter delivery catheter and is expandable upon 
deployment to a shape which is remembered by the mesh structure either through 
shape memory characteristics or elastic memory characteristics. 

10 

In another embodiment of the invention, the filter element comprises a mesh work 
structure wherein the expansion of the filter element within the vessel causes blood 
flowing through the vessel to flow through the filter element due to the filter element 
engaging with the wall of the vessel to conform to the shape of the vessel bore. 

15 

In another embodiment, the filter element comprises a braided fibrous mesh work. 
Preferably, distal outlet openings are defined by an area enclosed by a series of 
crossing interwoven fibres. Larger proximal inlet holes are provided by the 
convergence of the fibres of the braid into a few bundles which are mounted to the 
20 filter carrier. Preferably, the fibrous meshwork material is an elastic or shape memory 
material such that it can be collapsed into a delivery catheter and recover its enlarged 
shape upon deployment. The fibres of the meshwork are bonded at the points where 
they cross one another. The fibres may be made from either a polymer or metal or a 
composite material. 

25 

In a further embodiment, the distal end of the filter element has the facility to move in 
the axial direction relative to the proximal end of the filter element so as to take up the 
exact shape of the blood vessel. 

30 In a further embodiment, the device has a porous coating on a distal end of the filter 
element only with means for opening and closing the fitter element by slidable motion. 
Preferably, the filter element comprises a collapsible wire frame having a plurality of 
wires, outer ends of the wires being hingedly mounted on the filter carrier, the wires 
being hinged intermediate their ends, at one end the wires being fixed on the filter 
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back the collar away from the fixed era o. 

agai nst the filter carrier tor retrieval of the filter element. 

============== 

elastic tip to assist the pull back of the filter into the top. 

========: == 

system doting an interventional procedure. 

,„ earner aspeel the ^n proves an emPots protect devfce coming: 

a cotapstote *e, e,«nent mounted on a «e, career tor deirreo- through a 
vascular system of a patient, 

, he „er eiemen, «ing movabte a cottapsed 
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ZZ ridding a *- vesse, such ma, Ptood p-j, ~» £ 
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stops, and means to, ooiiapsing me «er etemen. on me titter came,. 



Brief Description of Drawings 



30 



The invention « be more ctear, understood from me Mo*, deeenphon m^t 
Pig. , isaside view of an emboiicprotecton device according » me invention. 



WO 99/23976 PCT/IE98/00093 



- 13 - 

in use; 

Fig. 2 is a side view of the device of Fig. 1 in a pre-loaded position tor 
insertion; 

Fig. 3A is a side view illustrating one method of fixing the device to catheter; 

Fig. 3B is a side view of an embolic protection device incorporating the fixing 
of Fig. 3A; 



10 



Fig. 4 is a side view illustrating another method of fixing; 
Fig. 5 is an end view of a split collar used in the fixing of Fig. 4; 
1 5 Fig. 6 is a side view illustrating a further method of fixing; 

Fig. 7 is an end view of a jubilee dip used in the fixing of Fig.6; 

Hg. 8 is a side view of one filter element used in the device of the invention; 

20 

Fig. 9 is a side view of another filter element; 

Fig. 1 0 is a side view of the filter element of Fig. 8 being removed; 

2 5 Fig. 11 is an isometric view of another filter element in an in-use placed 

configuration; 

Fig. 12 is a side view of the filter element of Fig. 11 in a retracted position for 
insertion and withdrawal; 



30 



Figs. 13 to 15 are side views of another filter element in different positions; 

Figs. 16 and 17 are side views of part of a further filter element with a snap fit 
retrieval arrangement; 
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Fig . « b a perspective, parti,* cross-sec«ona, v,ew a. another embolic 
protection device shown mounted in a vessel; 

Figs . l9 ato1Bc are perspective .ewsiHu^ 
f itter support lor use in the device of Rg. 18; 

Rgs. 20 to 22 are perspective views of other filter elements; 

Rg. 23 is an elevational view of another filter element. 

Fig . 24 is a sectional view taken abng the line XXIV-XXIV of Fig. 23; 

HQ. 25 is a sectional view taken along the line XXV-XXV of Fig. 23; 

F,g. 26 is an enlarged detail view of portion of the filter. 

Rg. 27 is an expanded view of the filter element of Fig. 23; 

pig 28 „ a side vew illustrating one method in which the substrate tutong that 
21 element is attached to can run over the phmary cross,ng gu.de.re. 

Rg 29 is a side view illustrating the posfton in which the «MT component 
2 sTin order to provide a smooth transition between the primary cross.no 
2 5 guidewire and the loading pod; 

Rg. 30 is a perspecbve view of me m. element in «s most Ml I*** 
F, 9 . 31 6 a petspecflve view d the «e- etement * «s mos, proximal posrtion; 

Rg. 32 h a pe^ecfcve view d .he «»er element when me M end oi the 
fHter is not bonded to the substrate tubing'. 

Fig. 33 is a side view o. a concertina shaped mm A being when the mm is 
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deployed and B when the filter is in its loaded shape; 

Fig. 34 is a perspective view of the floating distal tip design with a spring 
element incorporated distal to the floating tip; 

5 

Fig. 35 is a side view of another floating distal tip design with a spring 
incorporated into the distal tip; 

Fig. 36 is a side view of the floating distal tip design with the shape memory 
1 o alloy extending from the proximal end to the distal end; 

Fig. 37 is a perspective view of the mesh design incorporating a floating distal 
tip; 

1 5 Fig. 38 illustrates perspective views of filter geometries; 

Fig. 39 shows a fibrous mesh filter design with fibres woven at the distal end 
and converging into a number of bundles at the proximal end; 

20 Fig. 40 is partially sectioned elevational view an embolic protection device 

according to the invention; 

Fig. 41 is a schematic sectional elevational view ot the embolic protection 
device of Fig. 40; and 

25 

Fig. 42 is a detail sectional view of portion of the device of Fig. 40. 
Detailed Description 

30 Referring to the drawings there are illustrated various embolic protection devices 
according to the invention. The devices, in general, comprise a filter element for 
temporary placing in a desired position during a surgical or interventional procedure, 
typically using a guidewire and catheter. The filter element provides a pathway for 
blood and has means for capturing and retaining undesired embolic material released 
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L» of -desired embolic matenal dunng th. procedure. 

ceretral protean dew* «P ^ bete ^ ^ ^ 

,he filter is deployed into the vessel an ^ 
distodged dutin, balioon intation and stent placement. The device co 
^ to a M tnat can tun over the crossing 

=■ , - n H 2 in this case the inter element consists of a 
Betemng iniOall, to F,gs. t end 2 "J*" „,«, . 

— • *— supped efcmen, 2. The 

joined to a polymeric or metallic tube or spring or crther ^ ^ , Weni d. 
Lm «. e^nen, . is comptassed into a fusing «p- 3 - 
catheter 6 ,o advance . to -he reguired location. 

provide a pafhway o, muUiple pafhways through for 
^ents M -o capture embolfe, a s*e greater «. « «- « 
,a,e „ manned by forming .he «e, elemen, such that atoca^ressu P 
5 ,ha «e, * m^sed. The «e, efemen, , has a protoma, * end 7^ 

material within the body of the tiller element 1 . 

30 , ,, tn urease isol a pcous structure or polymeric loam which has a 

* " ~ It, XTa naC less I- « kg per cubic male, . P.e.erab,y 

StT—. Tbe ii-er pmp-es ma, be echoed through appmp-le-y s«ng 
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the pores of the foam body or additionally by removing material to create appropriately 
seed pathways for blood to flow through and means of capturing larger sized 
particles. A number of configurations for this will be described that can tailor both the 
sizing and flow rate characteristics of the filter element 1 either independently or 
5 simultaneously. The actuation and deployment ot the filter element 1 are achieved Dy 
providing relative motion between the filter element 1 and the covering housing 3. 

It is not desirable that the catheter moves relative to the support element 2 during 
manipulation. Motion may be prevented by fixing the inner support element 2 to the 

10 catheter 6 in a number of different ways. In the embodiment described this is 
achieved by way of having a catheter 6 covering the support element 2 and filter 
element 1 to which it is fixed. As illustrated in Rgs. 3A and 3B the fixing may be 
achieved by means of a shrink wrap tube 5 that is shrunk to capture both the covering 
catheter 6 and the inner support element 2. Once the filter element 1 is in the desired 

1 5 position, the shrink-wrap joint is broken using the peel-away tab 7 to allow the outer 
catheter 6 to be removed proximally and leave the support element 2 and filter 
element 1 in place. 

A number of other workable arrangements could be used to join the support element 
2 0 2 and catheter 6. A split collar arrangement 10 (Figs. 4 & 5) could be used that was 
removable by means of unlocking a screw or a number of screws or an arrangement 
such as a jubilee clip 11 (Figs. 6 & 7) which could be loosened to free the bond 
between the components. 

2 5 Another method that could be used to temporarily fix the inner support element 2 to 

the outer sheath or catheter 6 is a Hemostasis High Pressure Touhy Borst Y adapter. 
This commercially available adapter is needed to enable the physician to flush the 
sheath before being inserted into the artery. The outer sheath or catheter may be 
permanently attached to this adapter. The inner tubular support element 2 runs 

3 0 through the Touhy Borst section of the adapter and thus through the centre of the 

sheath. Tightening the Touhy Borst section releases this grip, thus allowing the inner 
tubular support element 2 and the outer sheath to move relative to each other once 
again. 
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„ of the filter dementi is shown in a typicai embodiment in Rg. 8. where a 
The design of the fitter eiemen channels or 

machined using a vanety of methods such 

V* ^ « ^ ^ ^ . be eas«v 

te.ge emboli while to ~IW **» are **" of .yd .nedia in a 

^ied as required to «w dfflenng s*ed parbdes tram a vanety 

variety of vessel sizes. 
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be extruded onto or bonded to a substrate. 

illustrated in Rg. 9 the distal end 23 may be tapered. 

a- to Rg 10 at the end of the interventional procedure, the device 

ctfhete, 25 batora coHaprfng ft. res. o. .ha Wm body. °oca - «* 1 
^Ln », fmo ma ca»ie,er 25 . can then ba read«y amoved *- - — • 
30 The filter 1 wUI contain the capturad emboli. 

,„ another embodUnen, o. .ha Invention as .luabatad in Hp. 11 » « « 
Loeenen, o, spo.es 30 covered with a memfcane or porous tabbc o, mes 3 can 
down I a det^v sheem o, pod to, subsequent decent * bra large, 
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vessel. The design consists of a substrate shaft 33 onto which are radially or 
circumferentially bonded a series of pre-shaped wires 30. The wires 30 are joined on 
the proximal end into a movable collar or tube 32 mounted on the substrate shaft 33 
and at the distal end into a fixed tube 34. The tube 32 can move proximally and 
5 distally to the extent that ft will open and close the assembly in a manner similar to an 
umbrella and thereby occlude the vessel. The spokes 30 may be fabricated in a 
range of metallic, polymeric and composite materials. The frame is covered with a 
porous material 31 , whose pore size is selected to allow the media through, effectively 
creating a screen filter. The covering fabric 31 could be bonded to the frame 30 by 

10 means of casting a material such as a polyurethane or PET onto the pre-formed 
shape. The film may then be lazed or made porous by other means such as 
mechanical or heat punching or by chemical etching. Additionally, incorporating a 
soluble particle in the polymer matrix, subsequent removal of the particle would render 
the polymer porous. Control of porosity is achieved by tailoring the ratio and 

1 5 distribution of the particulate within the polymer matrix. 

When the assembly is configured longitudinally a sheath or pod may be slid over it to 
cover it. As with the previous embodiment, the loaded catheter is positioned in the 
required location by threading it over the guidewire. Once the desired location has 
20 been reached, the sheath may be moved back and allow the assembly be exposed in 
the vessel. A sleeve 35 can then be moved forward to open or deploy the assembly. 
The relative sizing and choice of materials operates such that the sleeve 35 will not 
slide on the inner tubing unless an external force is applied to move it. When 
deployed, the device will remain open and catch whatever embolic material is moving 

2 5 towards the brain. At the end of the procedure, a pre-shaped component advanced 

over the inner tube will dock with the movable tube 32 and allow it to be slid towards 
the proximal end of the device with the result that the structure is closed. A larger 
sheath can then separately be advanced to the site of the filter and the filter may be 
pulled or manipulated proximally into it. When withdrawn into the sheath or catheter, 

3 0 the device may then be removed either over the guidewire or with it. 



Referring to Figs. 16 and 17 there is illustrated another embolic protection device. In 
this case the filter element has a design based on a shaped thin film component 
bonded onto the tubing substrate. A wide number of shapes could be made to work 
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1 . The support element 50 has a number of f oldable arms 51 which collapse against 
the shaft 33 for deployment and upon release extend outwardly to expand the filter 1 
in the vessel. 

5 Referring to Figs. 20 to 22 there is shown alternative constructions of filter element 
comprising a compressible filter 1 shown in an expanded position with a large inlet 
opening 60 and smaller outlet openings 61 . A collapsible wire support 62 is provided 
at a proximal end of the filter 1 . The wire support 62 is collapsible with the filter 1 
within a housing or pod for deployment and upon release expands to support the filter 
10 1 in the vessel 4. 

An alternative filter arrangement is shown in Figs. 23 to 27. In this case, the filter 
comprises a Nitinol mesh which is expandable from a collapsed position shown in Fig. 
23 for deployment to an expanded in use position shown in Fig. 27 to provide a filter 
1 5 body 65 with proximal inlet 66 and distal outlets 67. 

For a primary crossing device, the distal end of the device will be flexible and 
atraumatic. This can be achieved by a number of means such as fabricating a spring 
or polymeric element to be flexible enough to deflect when it comes into contact with 

2 C the walls of the vessel. The tip section would be mounted distally to the filter element. 
An intermediate section of the device will house the filter 1 which would be covered 
prior to deployment. A sheath could be fully the length of the device or attached by an 
actuator to a shorter sheath that covers the filter only. The proximal section of the 
device will provide a platform for the balloon dilatation and stent devices. The 

2 5 provision of a platform may be achieved as shown by removing the proximal covering 
to expose a wire or spring assembly. Alternatively, the whole proximal section could 
function as the platform. Essentially, to function as the platform for balloon catheter 
and stent, the devices should be sized with an outside diameter dimension that allows 
free movement of the catheter systems over it. Typical industry standards for 

30 coronary products permit free movement of devices over a .014" or 0.018" diameter 
while peripheral angioplasty applications use a .035" OD. 

Referring to Fig. 28 the tubing substrate 33 onto which the filter element is bonded 
can move between two stoppers 63 and 64, the stoppers are mounted on the primary 
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direction. 

Fig. 32 refers to a floating distal tip in this case a stopper component 66 is placed 
proximal to the distal end of the filter. The most distal end of the filter being fixed to a 
5 marker band 70 or other suitable substrate. The marker band 70 is not fixed to the 
substrate tubing 33. This allows the distal end of the filter freedom of movement in the 
axial direction beyond the stopper component. The stopper component can be made 
to work using any shape or form so as to prevent movement of the distal end of the 
filter in the proximal direction beyond the point of fixturing of the stopper component. 

10 The stopper component may be manufactured from metals or polymeric material, it 
can be joined to the tubing substrate 33 by a number of existing technologies 
including adhesive bonding and soldering. The stopper component 66 will work when 
placed in any location between 50 and 70. A floating distal tip on the filter element will 
facilitate the loading of the filter element into the loading pod as the filter can now 

15 extend in the axial direction and therefore be wrapped down over a greater length. 
This will reduce the loading force required and also reduce the profile of the loaded 
filter. The floating distal tip design will facilitate the loading of a large range of filter 
designs. 

2 0 Fig. 33 refers to a concertina shaped filter with a floating distal tip. This filter geometry 
adds to the circumferential integrity of the filter and thus prevents the formation of 
creases along the length of the fitter. W A" illustrates the filter as it will be when in 
position. "B" illustrates how the distal tip will extend in the axial direction when the 
filter element is loaded into a loading pod. The floating tip design can be used to 

2 5 accommodate the loading of many filter shape designs. For the filter design shown a 
longer pod is needed to accommodate the increase in axial length of the filter element 
when loaded. 

Fig. 34 refers to the floating distal tip design with a spring element 67 incorporated into 
30 the design. The spring is placed distal to the fitter element. As previously illustrated in 
Fig. 33, the floating distal tip extends in the axial direction when loaded, the spring 
acts as a safety device when the filter is deployed and ensures the return of the 
floating distal tip to its primary location. The spring element will be soft enough to 
allow the distal tip to extend freely in the distal direction during loading but stiff enough 
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Fig. 38 illustrates a number of different filter designs which could be made to work as 
embolic protection devices. These filter designs all work to reduce the longitudinal 
length of creases which may occur should the filter be oversized, therefore acting as 
crease breakers. Either ends of the filters shown could act as both proximal and distal 
5 ends for the filter. The filter body may be tubular or frusto-conical. 

Referring to Figs. 40 to 42 there is illustrated an embolic protection device according 
to the invention indicated generally by the reference number 100. The device 100 has 
a guidewire 101 with a proximal end 102 and a distal end 103. A tubular sleeve 104 is 
10 slidably mounted on the guidewire 101. A collapsible filter 105 is mounted on the 
sleeve 104, the filter 105 being movable between a collapsed stored position against 
the sleeve 104 and an expanded position as shown in the drawings extended 
outwardly of the sleeve 104 for deployment in a blood vessel. 

15 The sleeve 104 is slidable on the guidewire 101 between a pair of spaced-apart end 
stops, namely an inner stop 106 and an outer stop which in this case is formed by a 
spring tip 107 at the distal end 103 of the guidewire 101. 

The filter 105 comprises a mesh net 110 mounted over a collapsible support frame 
20 111. The mesh net 110 is gathered into the sleeve 104 at each end, the net 110 
being rigidly attached to a proximal end 1 12 of the sleeve 104 and the net 1 10 being 
attached to a collar 115 which is slidable along a distal end 114 of the sleeve 104. 
Thus the distal end of the net 1 10 is longitudinally slidable along the sleeve 104. The 
support frame 111 is also fixed at the proximal end 112 of the sleeve 104. A distal 
2 5 end 116 of the support frame 111 is not attached to the sleeve 104 and is thus also 
tree to move longitudinally along the sleeve 104 to facilitate collapsing the support 
frame 111 against the sleeve 104. The support frame 111 is such that it is naturally 
expanded as shown in the drawings and can be collapsed inwardly against the sleeve 
104 for loading in a catheter 1 18 or the like. 

30 

The filter 105 has large proximal inlet openings 117 and small distal outlet openings 
119. The proximal inlet openings 117 allow blood and embolic material to enter the 
filter body, however, the distal outlet openings 119 allow through passage of blood but 
retain undesired embolic material within the filter body. 
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Conveniently the tip of the catheter which forms a housing or pod for reception of the 
filter is of an elastic material which can radially expand to accommodate the filter wth 
the captured embolic materia.. By correct choice of material, the same catheter or 
pod can be used to deploy and retneve the filter. For deployment, the elastic matena. 



WO 99/23976 



PCT/IE98/00093 



- 27 - 

holds the filter in a tightly collapsed position to minimise the size of the catheter tip or 
pod. Then, when retrieving the filter, the catheter tip or pod is sufficiently elastic to 
accommodate the extra bulk of the filter due to the embolic material. 

5 Also, the filter is not fast on the guidewire and thus accidental movement of the 
guidewire is accommodated without unintentionally moving the filter, for example, 
during exchange of medical devices or when changing catheters. 

It will also be noted that the filter according to the invention does not have a sharp 
10 outer edge as with many umbrella type filters. Rather, the generally tubular filter 
shape is more accommodating of the interior walls of blood vessels. 

Conveniently also when the filter has been deployed in a blood vessel, the catheter 
can be removed leaving a bare guidewire proximal to the filter for use with known 
1 5 devices such as balloon catheter and stent devices upstream of the filter. 
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CLAIMS 

An embolic protection device comprising: 

a collapsible fitter element mounted on a fitter carrier for delivery 
through a vascular system ot a patient, 

the filter element being movable between a collapsed stored position 
agai nst the filer carrier 1or movement through the vascular system^ 
and an expanded position tor occluding a Wood vessel such that blood 
passing through the blood vessel is delved through the filter 
element, 

characterised in that the fitter element comprises a collapsible filter 
body having an inlet end and an outlet end. 

the inlet end of the fitter body having one or more inlet openings sized 
to allow blood and embolic material enter the filter body, 

the outlet end of the filter body having a plurality of outlet openings 
sized to allow through passage of blood but to retain undes,ed 
embolic material within the filter body, and 

means lor closing the inlet op^ings at the in.et end of the filter body. 

A dev ,ce as claimed in claim 1. wherein the means for closing the inlet 
openings comprises:- 

a tubular filter retneva. device having an open distal end for reception 
30 of the filter element, 

said distal end being engagable with a proximal inlet end of the filter 
body to close the inlet openings and being slidable over the filter body 
from the inlet end to the outlet end to progressively collapse the filter 
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body on the filter carrier and receive the filter body within the retrieval 
device. 

3. A device as claimed in claim 1 or 2 wherein the collapsible filter element is 
5 slidably mounted on the filter carrier between a pair of spaced-apart stops on 

the filter carrier tor axial movement of the filter element along the filter carrier 
between the stops. 

4. A device as claimed in claim 3, wherein the filter element is rotatably mounted 
10 on the filter carrier. 

5. A device as claimed in claim 3 or 4, wherein a sleeve is slidably mounted on 
the filter carrier between the stops, the length of the sleBve being less than the 
distance between the stops, the filter element being mounted on the sleeve. 
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A device as claimed in any preceding claim, wherein the filter element 
comprises:- 

a collapsible filter net mounted on the filta* carrier. 

the filter net being movable between a collapsed stored position 
against the filter carrier and an expanded position extending outwardly 
of the filter carrier for deployment across a blood vessel 



25 7. A device as claimed in any of claims 2 to 6, wherein the tubular filter retrieval 
device comprises a catheter slidable along the filter carrier, an open distal end 
of the catheter forming a housing for reception of the filter element. 

8. A device as claimed in any preceding claim, wherein a proximal inlet end of 
30 the filter body is fixed to the filter carrier and a distal end of the filter body is 

slidably mounted on the filter carrier.. 



9. 



A device as claimed in claim 8 wherein the distal end of the filter body is 
attached to a collar which is slidable along the filter carrier. 



PCT/1E98/00093 ' 

WO 99/23976 

- 30 - 



10. 



11. 



10 12. 



13. 



14 



20 



25 



16. 



17. 



30 



A device as claimed in an, a, cfaims . ^^T^Z I 
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A de v*e aa clarmed rn c*a 10 v*erein the «er support frame la fixed on M 
titter earner at a proximal end of the liter body. 

A device aa claimed in claim 10 or 11 wherein the «er support trame s«a*y 
engages the Slier earner at a distal end of .he fitter body. 

A device as claimed in any of ctaima 10 to 12 .herein the mm supt-d 1-° 
is biased into a normally extended position. 

A device as darned » any of claims 10 to 13 wherein a circumferentta. groove 
is provided m the mm body intermediate ends of the frtter body 

A device as Canned * any preceding Cam. wherein a guide *,e is provtded 
1 the m, came, dis* of the fixer body, me g^de olive hawng a cy^ 
ToL wftb a tapered dista, end. the cylindrfca, body berng engagable w*h, a 
H end o, a deployment cMheter. saxt tapered W and pro^g 
o, the daymen, cathete, to pro^te a smooth ,ransi,.on between 
the catheter and the filter carrier. 

A device as claimed ,n any of claims 6 to 15. wherein the net t gathered into 
the fitter carrier at each end of the net. 

A de*e as Calmed in any preceding claim where* me mm element Wedes 
storage means to store captured undasaed embolic matettal in the «.« 



element. 



1B . A device as claimed in Cairn 17 wherein the storage means comprises 
additional storage pathways within the filter element. 
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19. A device as claimed in any preceding claim wherein the filter element defines 
a three dimensional matrix. 

5 20. A device as claimed in claim 19 wherein the filter element is of a polymeric 
porous structure. 

21. A device as claimed in claim 19 or 20 wherein the matrix comprises a porous 
structure dimensioned to entrap embolic material ranging in size from 100 

1 0 microns to 3500 microns. 

22. A device as claimed in any preceding claim wherein the filter element is 
compressible and/or foldable for loading into a delivery device to deliver the 
filter element to a desired location in the compressed or folded state. 

15 

23. A device as claimed in any preceding claim wherein the filter element has 
material removed from its structure to aid compressibility. 

24. A device as claimed in any preceding claim wherein the filter elemert has 
2 0 material removed from its structure to provide specific sizing in relation to the 

size of embolic material to be trapped. 

25. A device as claimed in any preceding claim wherein the filter element has 
pathways through the filter body that are inter-linked such that the flow rate 

2 5 through the filter may be tailored. 

26. A device as claimed in any preceding claim wherein the filter element has a 
distal end which is tapered such that there is a smooth transition in lateral 
stiffness to improve the manoeuvrability of the filter element in the vascular 

3 0 system. 



27. 



A device as claimed in any preceding claim wherein the filter element has a 
soft distal portion to aid in atraumatic transport through the vascular system. 
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A „e,ice as earned , any ptecedW «. — in - »er element has 

A dev*e as corner, » an, ^ **m — , « - -~- « ' 
tapered pmxima, and to ta«a.e retrieval by a removal catheter. 

, • - * „nv oreceding claim wherein the filler element has inlet 
any conected emboli. 

° 31 A ae.ceasc,ain^,nan y p<eca* 9 ^whar.n,he«ere,a m en,has 

" J , upends s*ed to capr-e em** — - a - ^ ™- » 
.ha .unction - .ha organ the blood do,— o. ft. 

element. 

22 A device as daimed in Cain, 3. herein ,ha «er element issued .o capture 
embolic material ot a s*e greater than 100 moans. 

33 a device as ctameo t. claim 3, whe*n me «r *men, * sfced captute 
20 emboiic malenal ol a size grea.er than 200 miaons. 

M a device as .aimed „ d*m 3, «mm — • * — 10 — " 

embolic material ot a size greater than 500 microns. 

25 35. A device as claimed in any preceding claim having means tor placing the 
device over a medical guidewire. 
33. A device as Canned m Calm 35 whfch may be placed tnder a balfcon a, stent 
delivery catheter. 

3 0 37 A device as cfcimed * any preceding d*. having means tor mserton 
lough, .emora,. orach*, tad* subc,a»n or other arter* puncture by 
means of a transcatheter approach. 
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38. A device as claimed in any preceding claim including a delivery catheter in 
which an external sheath is engagable with the filter element or filter carrier to 
provide push during delivery and is removable to allow maximum space in the 
vascular cross-section during an interventional procedure. 

5 

39. A device as claimed in claim 38 wherein the external sheath is joined to the 
filter element or filter carrier by a joining means. 

40. A device as claimed in claim 39 wherein the joining means is a removable 
10 shrink tube. 

41 . A device as claimed in claim 39 wherein the joining means is a removable split 
collar. 

15 42. A device as claimed in claim 39 wherein the joining means is a removable clip. 

43. A device as claimed in claim 39 wherein the joining means is a compression 
connector. 

2 0 44. A device as claimed in claim 43 wherein the compression connector is a 
Tuohy Borst adapter. 

45. A device as claimed in any of claims 38 to 44 wherein the delivery catheter 
has a central lumen for at least part of it's length to allow it to track over a 

2 5 steerable guidewire. 

46. A device as claimed in any of claims 38 to 45 wherein the external sheath is 
sufficiently long to extend to the outside of the vasculature and is removable 
proximally to release the filter element from the catheter. 



30 



47. A device as claimed in any of claims 38 to 46 wherein the delivery catheter 
has an external covering which extends beyond the push element to define a 
filter retention sleeve. 
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51. 

^ 5 arms. 



A dev^e as earned * any precede d*. — " — » 

a Z* «— -h a loc*ed s,epw,se M P» » - — 

charaMeristics to suit the target vasculature. 

A device as earned In any preceding **. herein me delivery cetnete, has 
. spr,g cPtnpenen, w»h a MM. gradual inceaang P*ch to aner stress 
characleristolo suit the target vasculature. 

A device as claimed In any precede Caim where* ate «e, element t 
J! „ a cot^te supped heme Is movadle between a 

ITaZ posi,*n to, deepen, and an amended In-use pes*on .sens 
peing provided .or retaining ma supped structure in .he collapsed pos«n. 

A device as claimed in claim 50 therein the supped irame composes support 



52. 

20 53. 
54. 

25 

55. 

30 

56. 



A device as Canted in Caim 51 wheren the support arms ae termed * a 
shape memory or elestic memory materiel. 

A device as Calmed in Cairn 52 wherein trie supped arms are termed trom 
Nitinol. 

A device as claimed in daim 51 wherein .he support arms ere configured .o 

Z ««- » - - - «— such ,hat ,hey may be 1 

ay -ng .he me, — . « * » ■»-"-* 

dimensioned sheath. 

A device as Calmed in any preceding Cam -herein me Be, ••"-* *-" 
assoca.ed support suuCure w«h a pre-sneped spiral arrangemen, such M 
provides radial support .0 the Wet element. 

A device as claimed in any preceding Calm wherein .he mm support shuCure 
is adap.ed lo .old in.0 me cotlapsed postern whan pulled into a rameval 
catheter. 
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57. A device as claimed in any preceding claim . wherein the filter element 
comprises a flexible shaped polymeric component. 

58. A device as claimed in claim 57 wherein the shaped polymeric component is 
constructed such that fluid flow through the component assists in opening the 
component from the collapsed position. 

59. A device as claimed in any preceding claim wherein the shaped polymeric 
component is flexible and opens to make tubular contact with the vessel wall 
by way of using the pressure drop across the exit filter face. 

60. A device as claimed in any preceding claim wherein the filter element is 
directly bonded onto a steerable medical guide wire incorporating a slidable 
sheath that is movable to deploy the filter. 

61 . A device as claimed in any preceding claim incorporating a medical guidewire 
with a flexible segment of wire distal to the filter so as to provide steerability of 
the wire particularly prior to it being deployed. 

62. A device as claimed in any preceding claim incorporating a medical guide wire 
with a soft distal segment so as to provide a tip section that will be atraumatic. 

63. A device as claimed in any preceding claim having a filter element which 
permits the incorporation of a medical guide wire in or near the outer wall of 
the filter element to facilitate the incorporation of large inlet holes on the 
proximal inlet end of the filter element. 

64. A device as claimed in any preceding claim wherein the filter element 
comprises a mesh work structure with large proximal inlet holes and small 
distal outlet holes wherein the mesh structure is collapsible into a small 
diameter delivery catheter and is expandable upon deployment to a shape 
which is remembered by the mesh structure either through shape memory 
characteristics or elastic memory characteristics. 
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m a ™ nrecedinq claim wherein the fitter element 

within the vessel causes oiouu a ^ the wall ot the vessel to 

fi ,ter element due to the fitter element engage wrth the wall 
conform to the shape of the vessel bore. 

comprises a braided fibrous meshwork. 

an area enclosed by a series of crossing interwoven fibres. 

A device as claimed in claim 66 or 67 wherein larger proximal inlet holes a, 
prided by the convergence of the fibres of the braid ,nto a few bun.es 
which are mounted 10 the filter earner. 

A oevtoe as claimed ,n claims 6S to 68 -here, the fibrous meshwod. mateha, 
, or shape memo, materia, such « . cao he co»apsed mto a 

delive ,y cathere, and recovers » en^rged shape upon decent 

A device as datmed in da*. 66 ,o 69 wher«n .he M - i. meshwo* are 
bonded at the points «here they cross one another. 

A device as claimed I, Cairn 66 to 70 Werner .he fibres are made .rom either 
a polymer or metal or a composite. 

A device as Caimed in an, preceding da* wherein ,he d*al end o, the mm 

led, has .he «, » - * - - — ^ ^ ^ 
end o. ft. finer elemen. so as .0 take up .he «ad shape o. .he blood vessel. 

A device as daimed in any precede datm wilh a porous coating on a distal 
rt o. -he finer elemen. on,y w*h rreans .or opening and dosing ft. «e, 
element by slidable motion. 
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74. A device as claimed in claim 73 wherein the filter element comprises a 
collapsible wire frame having a plurality of wires, outer ends of the wires being 
hingedly mounted on the filter carrier, the wires being hinged intermediate their 

5 ends, at one end the wires being fixed on the filter carrier and at the other end 

the wires being mounted on a collar which is slidable along the filter carrier, a 
porous filter mesh being mounted on the wire frame. 

75. A device as claimed in claim 74 wherein an actuating sleeve is slidable over 
1 0 the filter carrier to push the collar towards the fixed end of the filter element, 

and a collapsing device is engagable with the collar to pull back the collar 
away from the fixed end of the filter element to collapse the wire frame against 
the filter carrier for retrieval of the filter element. 

15 76. A filter retrieval system for use with the device as claimed in any preceding 
claim comprising a longitudinal catheter with a deformable tip to assist the pull 
back of the filter into it. 

77. A method for the capture and removal of embolic material from a bood vessel 
2 0 during an interventional procedure comprising the steps: 

preparing an embolic protection device comprising a guidewire having 
a proximal end and a distal end, a collapsible filter element mounted 
adjacent the distal end of the guidewire, the fitter element being 
25 movable between a collapsed stored position against the guidewire 

and an expanded position extending laterally outwardly of the 
guidewire, 

sliding a catheter along the guidewire and over the filter element from a 
30 proximal inlet end of the filter to collapse and house the filter in a distal 

end of the catheter, 



introducing the distal end of the catheter into the vascular system of a 
patient, 
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positioning the dteta. end at a desired location in the blood vessel. 

ho ,ding the guidewire and retracting the catheter to release the mm 
element from the catheter into the expanded pos»bon. 

fltering Wood in the vessel during the interventional procedure, 

after the interventional procedure advancing a retrieval catheter abng 
the guidewire to engage a proximal inlet end of the filter, 

collapsing the filter into the distal end of the catheter, and 

withdrawing the catheter from the patient. 
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